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Facts Rel~jng the Hatfield Model t s Preprocessing,
Clustering and Loop ConstrUCtion.

#4. The picture above displays the original polygon
converted to a teCtangle:(the smaller rectangle with the
dashed lino.) This bas the area of the original polygon, and
the aspect ratio of the minimum boundini rectangle.

It is this smaner rectangle that actually enters the HAl
Model, and will be discussed below. (For ease of
ex.positi.on, the following pictures omit the larger,
minimum bounding .rectangle.)

We will refer to the smaller rectangle as the "reduced
rectaDglen

•
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Facts Regarding the Hatfield Model's PreprocesaiDg,
Clustering and Loop Construction.

is. The HAIModel provides a user with the area.of this
reduced. rectall81c, as well as the aspec:t ratio. From these
two pieces of infonnation, it is straishtfOtWard to· 'calculate
the length of the rectangle's sides (shown above as Side A

. and Side B).

For the remainder of this discussion, the distallce of Side A
added to the distance of Side B will be referred to as the
htlcht·plua-widtht measured in feet. This height-plus
widlh measure can be thought of as one half the perimeter
of the rcd~ rectangle. It is this measure that is used in
the followin, aDalysis.
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Facts Relar~ag tbe Hatfield Model (cont)

#6. The HAl Model claims to build distribution cable to all
locations in a cluster. However, initial analysis of the actual
locations used in Nevada indicates that the HAl Model ralls far
short of building enough cable to connect all locations.

1;'0 mea.,ure the exact extent of this uJiderbuDdinl. it is
necessary to know actual point locatiODSl' in order to calculate the
amount of required distribution cable (which is simply the
shortest distance between all points).

,

To date, AT&T has not allowed lhese calculations to take place.
In lieu ofthis analysis, it is still possible to obtain an imperfect
measure (a grossly~me~) of the degree to which
the HAt Model underbuilds distribution plant

This measuTc will u.~e the helpt-plus-wldtb, described earlier.

7
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Facts Regard;ing the Hatfield Model (COUL)

#1. Simply stated, it is mathematically impoAfble for the
distance connectin& aU points in a cluster to be less than the
height-plus-width. (A detailed. explanation of this fact follows in
an Appendix.)

~erefore, it is also impossible for the acmal required distribution
cable in any cluster to be less than the height-plus-width.

Any cluster for which the HAl Model produces an amount of
disbibution cable that is less than the height-plus-w~dth is a cluster
that the HAl Model underbuilds.

IMPORTANT: Betabt-plus-widtb does NOT represent the
required amoUDt of cable. It represents a distance that is less
than· the requited amount of cable. Therefore. a cluster 'with a
distribution length greater than the height-pius-width distance is
not necessarily a cluster widl sufficient diStribution cabIe.

J1....- .__---- -
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Facts Regardina the HatfieldModcl (conL)

Above, and OD the followinC pages,~
pumaS" oalx, are examples of potential distribution
layouts. In every case, the amount of cable required to

connect all customers dramatically exceeds the b~ight-

plus-width distance. .

For example, in the picture above the total belght-plus
widtb distance is less than 2.87 miles.

The distance connecting the points shown above (the solid
Jines) is over 4.2S miles.

9
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Facts Reg~inl the Hatfield Model (cant)

example, for illustrative purposes only

In the picture above the total hept-plus-width distance is
less than 2~87 miles.

The distance coanecting the points shown above (the solid
lines) is over 5 mites.

10
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Facts Reg~g the Hatfield ModeJ (canL)

example, for illustrative purposes only

In the picture above the tocal hellbt-pIDl-widtb ~tance is
less than 2.87 miles.

The distance connecting the points shown above (the solid
lines) is over 4.25 miles.
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In the tables tIi•.appear on the following paces, we list (by
company) a sample of some of the clusters for which the HAl
Model uaderbuUds distribution cable.

The tables are ODly S81IIples, Dot a complete lisdn,. For
example, the Nevada Bell ta:ble lists only 23 clusters, but OUt

analysis discovered over 200 clusl~rs in Nevada Bell region that
fell short. .

oDIy main clusters are lis~ to avoid any potential confusion
caused by the treatmAmt of outliers.

The tables llst the total distribution the model builds as well as the
h~iiht-plus-widtbdistance.

Keep in mind that the beight-plus-width distance measure is itself
insufficient to CODJ1ect all c~'tomers. So the cable shortages that
appear OD the-foUowms tables actually understate the amount by
which HAl underboilds.

12.
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.. SAMPUiOl='NEVADABBLLMAJN
Cl.C1S'TERS WmIDISTRIBut'tON UNDER

BUJLY BYHAfS.O

Ill'MI: S_el......_'N.... it~....lICIuI .........or............-apaial...............
WIRE ClUSTEFI TOTAl SUM ACTUALMAtN

CENTER UNES HEIGHT CLUSTER
AND DISTRIBUTION

WIDTH BUILT BY HAl
BTMTNV11 ' C01i. a 27.059 9112
~V11 C018. 8

~~ ..V12 C001. 16
IvolvI'lIV11 COOl. S 30.818 0

l' c001. 10 2.M3 8!O
IMPRNV11 COOt. e 9,.

~1fiIIEMPANV11 co,s. 5 12.981
EMPftNV11 C014. S 10411

1.EM~.11 C015. e 1~
EMP 11 C012. 5 13.OSS 1,4liIO
&MPANV11 coo•. e 18.141 lli1fj....11 'C010. S 14.143 '2

ANY11 . e 1fUM1 5
EMPANY11 0013. 5 15.323 -..
EMPANV11 c001. 8 22.181 2.258
GAl8NV1' coos. a 17712 8.008
M:V11 COO2. ,, 27.3IJQ 13..318
IMLYNV12 C021. 9 11.7. '.0
IMLVNV12 C03O. 11 19.7 ~ 8.1
IMLYNV12 C023. 12 17.1 ~ 5.1
tMLYNV12 C022. 5 20.788 I.OU~

IUlYNV12 C018. 18 32.952 17.181
IMLYNV12 C029. 5 20.899 3.'05
LVLCNV11 COOl. 24 27._ 15,117
MCGLNV11 C003. 8 18.07'5 48281

I&1 toW ror Nov.dA Bell the IW '.0 model UDder builda dis&ribudoa in 13,. 'of the main
cluscea ill Lbe 0 - S dCDiiry raDIO, mel 35'1 of Cbc maift c1US18rS ill tba 6 - 100 densicy
ranp. Tbaso two dcasity 7.OMS cepn:acm lhe vast majority or clustr:n for wbleh
uniwL'Dl service t1mdiDC is iseeded
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: SAMPLE OF Cll17<eNS MAlNCLUSTF.RS
WII'H DJSTRIBtrrJON UNDER BtnLr BY

HAlS.O

WIRE CLUSTER TOTAL SUM ACTUAL. MAIN
CENTER UNES HEIGHT CLUSTER

AND CISTAI8UT1ON
WIDTH BUtlTBYHAJ

ELKONVXF COOl. S
~.

0
GLFDNVXF c001. 11 9305

IE
COOl. 10 38.87'7i 857V
CQ01. 5 }tt!ti 858
COOS. 1.011I

.NVXF lC002. 31.4II S.03S
~NVXG COOS. 5 11.018 . 221
RSVYNYXG c006. 27.97YJ 4.054
AIIVVNVXG COO2. 1( 14.311 '8.136arcO c001. e :t ~.VXQ COO4. 5
R '... ,,,,VXG COO3. 7 31M 10.S
~XF It'Y'IIY. 8 30.883 1.83;·S&:.VPNVXF ~ e 211.7791 6.511

SLVPNVXF COOS. e ·31._ T.02IJ
SLVPNVXF Coo1. S 28~481 13.728l
SlVPNVXF

~g
15 30.781 14.811

TNPHNVXB 14 21.481 8.111
TN'H~~ • . 18 31.1Iil 1~~1

WlLSNVXF COOS. e 8.8OS 1·020
WlLSNVXF COO8. 6 11:.210 1.488'

~SRm
ICOOR. s 18.085 ....371

Wll. COO2. 7 21.011 4.722m NVXF co12. 5 17.~ « ...._"T'l!'

WLLSNVXF COO3. 8 23.7t45 828
WL1.SNVXF C010. .,. ...... 41.73
WL1.SNVXF C001. 25.818 8.981
WLLSNVXF I~ 2".11'7 1.9'781·
Tn totW torCitixen. the UAI'.O model U4dcr bWlds <JJeuibuc1oa lA 11,. otchc main
clustm in lhc 0 - 5 doDaity raop. lad ~tJ of the ma1ft elustln in=6 - 100 density
Ian... These lWO density 7.ODC.~~ the VI$t majoritY, ofchuren for which
univec:uJ. service lundinl is needed.
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.SAMPLE.OFCONTSLMAINCWS1'ERS
Wn1t DJS'11UBtmONtJ'ND!Il.BUILT BY

. . HAl5.0

( N.- llI.tl..,tltMlJ.IMII1..... ..............~........,...
...11»,....

•

WI
CENTER

R TOTAL
UNES

In total forCome1 the 1t\lS.o model underbui1cSJ diuribution in 5K oflha main
cJuacen ill tile () - 5 d=sky nua•• aad 21.,. oftbe mUD dusW'I iQ tho ,6 - 100 denHity
QIlF, Tbae two denIiry Z01leS repCCSCl1t tile vast majority of c10Slm for whicb
DD1~.t .-vice flllldinr i. DOCdcd. .
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·SAMPt2 01:ClJNI'E[.IlAIN~UsnntS
W1'l1I'DlSTRIBtTtION UNDER 8U1LT BY

lfAIS.O

WIRE CLUSTER TOT SUM ACnJALMAtN
CENTER UNES HEIGHT CLUSTER

AND DISTRIBUTION
W10TH BUILT BY HAl

~VXF ~ 7 7.304 156
JEANNVXF I\JUU,. 7 5.181 415
JEANNYXF • 12 19.474

:~.VXF COO4. 9 ~1.503

NVXF C012. 8 20.443 8.101
!JeA & 21 *= '.198
JEANN~ F 9 10.078
J F 141

~
1.0.458f

JIANNVXF C01a 9 18.837
~NVXF C01S. 5 2.«)7 60S
MTCHNVXF c001. 0 17883 5.234

LNYXF · 9 '4'25 1.001
• 9 13 01t 8.140

~~ 8 ,~ BAI 8.407flgH.,..,wv 0010. 10 15.741 1.801
CHNVXF C01e. I 1.7.1281 8.918

MTCHNVXF
~

S. " 23~719 13.DIM
MTC S. 12 27. 14.784
NLSNNVXB COO2. 7

~eo
8741

SRCHNVXF 7 2.3S8
RCHN XF · 7 10." 3••'
RCHN 00= cooe. 14 28.71 SI.m
RC C011. 13 35.0681 1~1DSACHNVXF C010. 11 30.184 15

SRCHNVXF COOO. 22 30,DEJ4 18.373

lD toW (or CeotoI tile HAl 5.0 DIOdellJDds' builds diszribuLion in 781{6 ,01 the maiD
~tets in lb8 0 - 3 clluity fIIllC. and 28~ of the JDaiD c1Uitm in rhc (I - l~ deD'lity
l'mge. Thea two dcaWcy zones rcprcsalt tho vast majority ofcluslel1 tor wbidl
universal service famdia. 11 needed.
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Apponet.i..~ Why it ;1 M&thom1t1caDy
lmpoaible for tho DistaDcc Connectinl All

Poiaa ill aCllltwto be 1..- 'dlIII1bC
IJdgbl-P!ua-W1clcb of tbo' Rcducc4 bctqle.

13
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Facts Regarding the Hatfield Model (coot.)

All main clusters must have S points (see HAl Documentation).

In Figure A, all points fall into direct line. By definition this
cluster has DO area. Impossible to cieate convex hull.

In Figures B and C,. it is possible to create polygons havin,
convex hull and area..

Although origiDal polygons in Figures B and C win be identical.
minimum bounding teetangles will be dramatically different (see
following palos). .

These two figures (Ba:C) will be used to illustrate f~t ~at
height-plus-width of reduced rectangle can only be less than
minimum dilitance required to connect all points.

All other ~lYaonscan be viewed as variations of FiIUre... B and
c.

14
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Facts RePrding the Hatfield Model (cont.)

Atea of both polygons is identical. approximately 0.71
square miles (where 1 inch = 1 mile).

Approximate Lengths of Sides (for future reference)
Side A: 2.06 miles (10.900 foot)

Side B: 0.69 miles (3.630 feet)

Side C: 2.19 miles (11,550 feet)

15
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facts RePrdin.tbo IWf"teld Model (conl)

Minimum bounciing rectangles for each polYlO1l are
dramatically different. Bach will produce a different
aspect ratiot and a differently shaped reduced IWtanalc.

- Recall. aspect ratio is heiaht over width.

Aspect Ratio of Figure B is approximately 1.

Aspect Ratio of Figure C is approximately 3.

16
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Picture above shows the corresponding reduced rectangle (heavier
lines) for each of the original polygons.

Each reduced rectansle bas the same e~act area, which""is exactly
equal to the area of the oriainal polygoD. 0.71 square miles.

However the distance figures "heiaht-plus-width" can differ
significantly.

Figure B, the reduced rectangle that appears more square-like, has
height-pius-width distance of 1.68 miles. '

Figure C, the more elODlated figure, bas a height-pIus-width
distance of 1.94 miles.

This illustrates a basic tenet of Ceometry di,,?ussed on the
following page...

17
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1/two""'011IU" tIuI s"",• .,.,,,, "" "...,,,,.. ofthe
11-'*'-''''wil be ,110,*_/Dr tIN polJ,OIl wlJklllltostelol«Iy
IJIIprtltle"" tIN $""of41 SfIUlT-.
This is illustrated above using tbree polygons with identical area
(9 square miles if 1 box = 1 'square mile).

T~ fiaure on the far left. has a perimeter distaDce of 12 miles_
The figure on the far right bas a perimerer~ce of 20 miles.
The filure in the center bas a perimeter distance of 14 miles.

ImpUcatfons tor the RAI Model:
Whenever the CODnx hull 01 an orilloal duster is eODve.rted to
the reduced. reetanl1e (with Identical area), It becomes
reladYel, more square-shaped. CODMqueDdy, the perimeter
measure dec:reas. in every case. .

IS
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Facts Regar(Jing the Hatfield Model (cont.)

In the fisures above., the perimeter of reduced rectaDllc B is
less than the perimeter of reduced rectanaIc C. But the
perimeters ofboCh reduced rectangles are less than the
perimeters of the oripnatpolygons (which are identical).

,The distancem.easure helpt-plus-Width represents exactly one
ba1f the perimeter of (any) reduced· rectangle. By definition and
the result above, this is less than one half the perimc:ter of the
original polygon..

It is aeometricWb illJlPsib.lc 10 .."gAGer thc...boPnd,iOI points of
w nol):&On (oot to &»mUon W iJrtcrk>r pain") W\thJmht ODo
~ncQ gf.tI1e gerimeter, Conscguent1YL it is alIg.
impgsslb.ls= to C9Q1lt&t t1l@ same pgjox.,wjt~ ono balf
the. perimeter distaru;e.

I
19j.L. ....;... ~ _
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Implication oCHatfield Model Results ~

bymaiD duster JD wbic:h the Total DfsQibutioD bunt taus
short 01 the cIIstaoce orside A plus side B II a c'usterhi which
the model falls short of buDding a fDDctloainJ, operable
o.etworL Total Distribution is measured.: (Hatfield Distribution
Module. Calculations Worksheet Cell BU minus CeU .CQ (ontlier
road distance)]

TIi~ is no exception to the mJe that it is geometrically impoS&.ible
to connect the bounding points of aDy polygOD with oI11y one half
the distance of the perimeter.

There is, howeverJ one rare exception to the rule fhat'thepolygon
perimeter is reduced when it is converted to the reduced rectan.le.
This occurs when the polygon is exactly the size and shape of the
~um bounding rectangle. This is discussed below...

20
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Jmplieatio~ofHatfieId Model Results;

There is ODe unique case, pictured above, where not only
the area but also the perimeter of the original polygon is
maintaiaed: the case where the original polYlon is a
perfect rectanale (or square.)

. In this case, even though the~ is not reduced, the
distance be'lbt-plus-wfdtb is stilI massively insufficient
to COnDect all points in [he cluster.

Therefore, 84y cluster at all in which the amount of
distribution built is less than the height-plus-width remains
an uundcrbuilt" cluster in the HAl Model.

21
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BCPM CUSTOMER LOCATION &
OUTSIDE PLANT DISTRIBUTION

DESIGNMETHODOLOGyl

Overvi~w

BC?M 3.1 integrates precise information regarding customer location with a

cuslnmer location a'gllrithm that establishes all optimal grid size hascd on an efficient

network design.2 The optimal grid Si7..e is determined by adherini to sound engineering

practices that rel1cct forward looking, least eost t~(;hn.oJoiY tor providing basic service.

The algorithm establishes "ultimate grids" that are sized tu comply with the technical

requirements ofa Camer Serving Area (CSA). Thus, BePM 3.1 '5 customer locativl1

algorithm selects the appropriate gnmularity ofanalysis to assure that (;ustomers arc

accurately located and moreov~r, that the cost outputs are representative of the network

design necessary to serve those customers.

BellM 3.1's customer location al¥orithm u~s housing and bu."liness line duta at

the Census Rinck (CR) level combined wHn infonnation regarding the road nctwmk. to

)nure precisdy locate customers. Utili7.ing all of this data., BCPM 3.1 models clusl~rs of

customers where they are indeed clustered aJ,d models sparsely populated areas where

customers are, in fact, dispersed,

Additionally, BCPM 3.1 uses wire centcr boundaries provided by BU$IDCS1i

Location Rcsearch (BLR) increases the accuracy in assigning customers to their actual

serving wire cenler.

, Selected ex.cerpts from the B~nchmark C~t Proxy ~odcl Releue 3.1 Model Methodolo~y. JlU'IUiU'Y 13,
1998 Edition. Developed by BellSouth,lNDt:TF.C International, Spril\tand US We~t.

2 See "lui!ll Commcl1[S of BellSomh COl"pQmtion, BdlSoudl Telecommunications 1nc., U S \\iF-Sf Inc..
and Sprint Local Telephone Companies to FlJf\her Notice of Propo~l:d RlIlemalting Sections I1I.C. ''',
CC Docket 96·45 and CC DO(ket 97·16C, filed Sept. 2, 1997.
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By overlayin~ wire centers with grids, BCPM 3.1 constructs a network lhat avoids

building to areas where people are unlike:ly to reside, concentrating instead. on road miles

where people are more lik.ely to b~ located.

13CPM 3.1 recognizes that telcph<.me plant engineers do not1ypicall, build plant

(In :l Cllstomer b) customer basis. Rather, they plan and build plant based on Carrier

St:Tving Areas (CSAs)3 and Distribution Areas (OAs).

To accomplhlh this, BCPM 3. t uses a retormulated geoir"clphic entily • the

dynamic grid which varies in size to ensure that the number of customers included in a

g!id lakes into account CSA guidelines. Funhennorc, the maximum grid sb~e is

constrained so lhat the limitations of copper distribution are not exceeded.

The customer location algurithm performs a series ofreaggrcgation steps thut

combine grids into vari~)llS sizes, consistent with an emdent network desilll' Each grid's

size, cost characteristics, and nwnber of lines is integrally linked to telephone engineering

CSAs and DAs. In addition, the conloitruction of these grids takes into account the actual

road network to more accuralely reflect the localion of customers within a CR.

Process Description

J. Establish Wire Center Boundaries

:; A eSA enc()mpas.~sthe entire dcsi8flllrea pOlcntlally SCPo'cd from 11 particular digital loop carrier (OLe)
~ite, including the feeder distribution interr~~. ve-rticll.l Md horizontal connIJcting cablelil, back\>onc
cable and branch cables.

'1..
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The first step in accurately cstabli5hin~customer location is the specific.adon of

the appropriate wire center boundaries. BCPM J, 1 relies on wire center ilittt\ obtained

teom I3LR.

il. Locate Cuatomers

The second step is to use the CB level of data that falls within the correspondinl:'

wire center houndary. For the occasional CB that. crosses a wire center boundary.

housing and bu~iness data is apportioned t(l the respective wire center based either on the

pmpoL'tion of Innd arc~ if the CB is less than 1/4 of a square milt', ur the proportion or

roads, if the CB is greater than 1/4 ofa square mile.

Ill. Establilh Serving Areas

The tinal step is the creation of the variable size grids from the CB data within thd

wire center bounda.ries. The purpose of developing variable silA! grids is to simulate [he

bask telephone plant engineering units ofa CSA and DA. This process entails the

estahlishmcnt of micTOj!;rids and the reaggn..'"gation ofth~se microgrids into ultimutt: grids.

A. Est.hlishinl Mlerogrid.

It is necessary to establish microgrids 80 that populated areas can he aggregated

appropriately into telephl'>ne engineering CSAs and DAs. There are two phases of tile

grid process. The first phase entails assigning CB data to microgrids. "Microgrid" refers

w the smallest grid si7.~ l,.Ll.ied in the grid process. A microgrid is li200'h or a degree

latitude and longitudt:. This corresponds to approximately 1,500 feet by 1,700 feet

latitude and longitude.4 The entire serving wire center is partitioned into microgrids.

Thus, each CB within the serving wire center is overla)'"~d with microgrlds (unless the

entire CB falls within a single mkrogrid). Smaller CRs, typically located in the denser,

4 f)ue t() thl: cur\latute ofthe eanh. thclie dimensions vary depending on the latitude aIld longitude where
they l\te derived. These mCIlSlIrements are u.~d on1>, to ~i\'.: the reader 11 sense or rc:latl\le sI7.e.

3



May-05-9a 04:32P Frank Murphy 781 344 6510 P.07

urban arens, are aggregated into microgrids whill:: larger CBs locat~d in thtl rural areas

may span multipl~ microgrids.

Since household and business line data~ are assiined at the CB level, this process

requires apportic.ming CB line data to the correspondini microgrids. Two approaches arc

used to apportion this data to the micmljrids, depending on lhe size ofthe CB. Fur CBs

whose area is less than 1/4 ofa squun: mile, (2,640 feet by 2,640 fcct), encompassing

approximately three to four microgrids, hou.'iehold and business line data is apportioned

'oased on the land area of the: microgrid used rdali ve to the CB' s total area.6

For CBs with an area greater than 1/4 of a square mile, household and business

line data is apportioned based on relalh.·e road lengths usjn~ actual road data obtained

from TiGER/Line tiles [Topologically Integratoo Geographic Fncoding and Referencing

from the US Censu!; Bureau]. That is to say, the line data is apportioned based on the

road length contained within a microgl'id that traverses that Cll, rela.tive to the total road

length within that ca. Since roads are used to locate customers, eertain roads where

customers are unlikely to reside, have been excluded from the road data.7 To illustru~

the apportionment of household and business line data to microgrids based Oil relative

rcad lengths, assume that the total road length assuciated with a particular C13 is 60 miles

5 Househ()ld al:tla includes housing unit and hOUllehold inl(,rmalion front the Census Bureau. Busine~, lint:
counts are obtained fi"vrn PNR.

6 For a microgrid Ihat is fully encompassed by a ca, Le, 100% ()fthe micmgTid'!t arca is encompassed
within tlle CB. the area covertld by that one Inicrogrid is (l,SOOft. x 1,100 ft) - 2,$50000 sq. It II'
the total area of tile CB ill S,I 00,000 sq. feCi. then the fmcllon of land ilr~a of the CR encompassed by
that microwid is( 2,550,OOOsq fl./5.100,OOOsq, ft.) - ,5 of the area, Thus, SOOIo of the houlch"ld IIJ1U
busine~s line dllta IS apportioned u, Ihal rnicrogrid.
Ifonly a portion ofa microjp'id is encompassed by lheCB, e.g. 80% oftbe micro£rid Is encompa.~'led

by the: ell, Ihen the aroa covered by that one micro~rid is .llx( 1,500ftxl,700ft) - 2,040,000 sq. ft. If
th~ area ofthc CB ifJ 5, lUO.OOOsq. ft .. then (2,040,000 ~q, ft.!5,1 00,000 ~q. ft.) =,40 In this case. ,4 or
2/5ths of th¢ household and bllsine!ls line data is ~pportiom:d 10 Lhe microarid,

7 Road data used in BClJM 3.1 e"j(cludt! alllimiled access hi~lway seglTlf:mt.'l; all highwll;V lU\d road
segments Ihnl Me in a tunnel or in an underpass; vehicular "trails" and roa<b pHsslible only by 4 wheel
drive vel:icles: hillhw;ly acce!fS rnmps; fdrry J;rl>ssmgs: pede~"trian walkwtlj's Bc\d stalrways~ alley!! for
service vehicles: and drivewliys liru pri\'Qte roads,
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